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Abstract: This paper thinks about the execution of two diverse control procedures connected to high
execution brushless DC engine. The primary plan is self-tuning fluffy PID controller and the second plot
is show reference versatile control (MRAC) with PID compensator. The motivation behind   the control
calculation was to drive the rotor speed to take after the coveted reference speed with great exactness
record-breaking. This target ought to be accomplished for various speed/time tracks paying little heed to
stack aggravation and parameter varieties. The reproduction results introduced demonstrate that the
second control conspire has better execution.
1. INTRODUCTION
BLDC engines are a sort of lasting magnet
synchronous engines. They are driven by DC
voltage, however current commuta-tion is
accomplished by strong state switches. The
compensation moment is dictated by the rotor
position which is distinguished either by position
sensors or by sensorless procedures [1]. BLDC
engines have numerous points of interest, for
example, the accompanying
Long working life.
High powerful reaction. High productivity.
Better speed versus torque attributes. Higher speed
run.
Higher torque– weight proportion.
Thusly the BLDC engine has been utilized as a part
of numerous applica-tions, for example, electric
car, mechanical autonomy and CD-ROMS and in
such applications BLDC engine presented to
numerous sorts of load unsettling influences.
Customary control techniques can't accomplish the
coveted speed following with great exactness if
there should arise an occurrence of sudden
unsettling influence and parameter varieties. This
issue can be eased by executing propelled control
tech-niques, for example, versatile control, variable
structure control, fluffy control and neural system
[2]. The variable structure controller is basic,
however it is hard to actualize. This is a result of
the likelihood of the unexpected change in the
control flag, which may influence the framework
activity [3]. A neural-organize based engine control
framework has a solid capacity to understand the
structure vulnerability and the aggravation of the
sys-tem, though it requires all the more registering
limit and information storage room [3]. Fluffy
control hypothesis as a rule gives non-straight
controllers that are equipped for performing
distinctive com-plex nonlinear control activity
notwithstanding for questionable nonlinear
frameworks [4]. Dissimilar to ordinary control
outlining, a FLC does not require exact learning of
the framework model, for example, the shafts and
zeroes of the framework exchange work [5]. A
fluffy rationale control framework in view of
master information base needs less counts, yet it
needs adequate limit with regards to the new
guidelines [1]. In this way, the mix amongst fluffy
and PID controller where the part of the fluffy
controller is to tune the PID controller parameters
as per the blunder and change of mistake may be a
decent option contrasted with con-ventional PID
control [3,4].
Versatile control is one of the generally utilized
control methodologies to configuration propelled
control frameworks for better execution and
precision. Show reference versatile control
(MRAC) is a direct versatile procedure with some
movable controller parameters and a modifying
system to alter them [6]. When contrasted with the
outstanding and straightforward organized settled
pick up PID controllers, versatile controllers are
extremely compelling to deal with the obscure
parameter varieties and environmen-tal changes
[7].
In this paper two propelled control techniques have
been received and looked at. The primary control
strategy is self-tuning fluffy PID controller which
demonstrates a decent execution contrasted with
ordinary PID controller. The second tech-nique
depends on MRAC. Actualizing MRAC
demonstrates a rea-sonable execution yet it has
high overshooting and ceaseless relentless state
mistake. Joining MRAC with PID control
compensator will wipe out both the overshoots and
unfaltering state mistake.
Whatever is left of this paper is sorted out as takes
after: the mathe-matical model of the BLDC engine
presented in Section 2. In Section 3, self-tuning
fluffy PID Controller is intended for BLDC speed
control. In Section 4, the plan ventures of MRAC
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are appeared. In Section 5 the reproduction results
are appeared and in Section 6 the conclusion is
appeared.
2. STATE-SPACE BASED MODELING OF
BLDC MOTOR
State-space equation method is a popular analysis
method in modern control theory. The state-space
method is becoming more and more popular in
designing control systems with the fast
development of computer techniques [8,9].
Suppose that the three-phase BLDC motor is
controlled by the full-bridge driving in the two-
phase conduction mode as in Fig. 1 [10].
Then the state space model of BLDC motor is in
(1).
where uAB, uBC: line voltage, eAB, eBC: line
back emf, R: phaseresistance of winding, L: phase
inductance of winding, J: rotor moment of inertia,
TL: load torque, x: rotor speed, h: rotor position,
Bv: viscous friction coefficient, and iA, iB: phase
current.
The validity of the state space model was verified
by com-paring the simulation results of this model
with MATLAB model. The results of both models
were identical.
Figs. 2 and 3 show the simulation results of open
loop response of BLDC motor free running and
subjected to sudden load with 50% of rated value at
t = 0.1 s.Fig. 2 shows the speed response of this test
while Fig. 3 shows the phase current.The
parameters of the BLDC motor are listed in Table
1.
3. SELF-TUNING FUZZY PID
CONTROLLER DESIGN:
Selecting the proper PID controller parameters is
very impor-tant. Ziegler and Nichols proposed the
well-known method to find the coefficients of the
PID controller. Although the perfor-mance of the
PID controller can be improved by selecting the
controller parameters based on one of the
optimization tech-niques, both cannot guarantee to
be effective [4]. For this rea-son this paper
investigates the design of self-tuning fuzzy PID
controller. The controller includes two parts
conventional PID controller and fuzzy logic control
(FLC) as shown in Fig. 4. In this case the
parameters of the PID controller are adaptively
changing using fuzzy logic algorithm.
The PID controller parameters are updated
according to the following equations:
where Kp1: proportional modification coefficient,
Ki1: integral modification coefficient, Kd1:
derivative modification coeffi-cient, Kp: initial
proportional gain (constant value), Ki: initial
integral gain (constant value), and Kd: initial
derivative gain (constant value).
Hence, the control signal of self-tuning fuzzy PID
con-troller can be described as follows:
Chevuru Dheeraj Teja Yadav* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.6, Issue No.4, June - July 2018, 8443-8450.
2320 –5547 @ 2013-2018 http://www.ijitr.com All rights Reserved. Page | 8445
where Kp2, Ki2 and Kd2 are the new gains of PID
controller. The general structure of fuzzy logic
control is represented inFig. 5 and comprises three
principal components.
3.1. Fuzzification
This converts input data into suitable linguistic
values. As shown in Fig. 5 there are two inputs to
the controller: error and rate change of the error
signals. For the system under study the universe of
discourse for both e(t) and De(t) may be
normalized from [ 1, 1], and the linguistic labels
are {Negative Big, Negative medium, Negative
small, Zero, Positive small, Positive medium,
Positive Big} and are referred to in the rules bases
as {NB, NM, NS, ZE, PS, PM, PB}, and the
linguistic labels of the outputs are {Zero, Medium
small, Small, Medium, Big, Medium big, very big}
and referred to in the rules bases as {Z, MS, S, M,
B, MB, VB}. Figs. 6 and 7 show the memberships
of inputs and output of fuzzy logic control.
3.2. Rule base
A decision making logic is, simulating a human
decision pro-cess. The rule base is simplified in
Tables 2–5. The input e has 7 linguistic labels and
De has 7 linguistic labels. Then we have 7 7 = 49
rule base. In this paper simplify 49 to 25 rule base
[3].
3.3. Defuzzification
This yields a non-fuzzy control action from
inferred fuzzy con-trol action. The most popular
method, center of gravity or cen-ter of area is used
for defuzzification.Fig. 8 shows the Simulink
diagram of self-tuning fuzzy PID controller.
The controller of self-tuning fuzzy PID controller
consists of two parts PID controller and fuzzy logic
controller, which were tuned on-line the parameters
of the PID controller.
4. DESIGN STEPS OF MRAC BY MIT RULE
4.1. MRAC
An adaptive controller consists of two loops, an
outer loop or normal feedback loop and an inner
loop or parameter adjust-ment loop as shown in
Fig. 9.
The MIT rule is the original approach to model-
reference adaptive control. The name is derived
from the fact that it was developed at the
Instrumentation Laboratory (now the Draper
Laboratory) at MIT. Adjust parameters in such a
way that the loss function is minimized [7,11].
To make J small, it is reasonable to change the
parameters in the direction of the negative gradient
of J, that is
where c: adaptation rate, e: the error between the
output speed of the BLDC motor and the model
reference output, and h: the controller parameter.
From Fig. 10 assume the BLDC motor is described
by the single-input, single-output (SISO) system.
Where A & B are polynomials depend on the
BLDC motor, u (t): the output of controller, y(t):
the output speed of BLDC motor, and v(t): the
process disturbance
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The controller is described in (7).
……(7)
where R, T and S are controller polynomials and
uc(t): the desired speed of BLDC motor.
Substituting (7) into (6) will result (8)
…(8)
The reference model is described by the single-
input, singleoutput (SISO) system as follows:
(9)
where Am, Bm are polynomials depend on the
reference model and ym(t): the output of model
reference. Assuming v(t)= 0 therefore:
…(10)
Let the transfer function of reference model is
….(11)
Where
am1, am2, am3, bm: the model reference transfer
function
coefficient. Assume the transfer function of the
BLDC motor is
…(12)
a1, a2, a3, b: BLDC motor transfer function
coefficient.
The diophantine equation is
…(13)
and A0 is a gain. R and S are controller
polynomials
…(14)
where deg is the polynomial degree.
…(15)
Chevuru Dheeraj Teja Yadav* et al.
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH
Volume No.6, Issue No.4, June - July 2018, 8443-8450.
2320 –5547 @ 2013-2018 http://www.ijitr.com All rights Reserved. Page | 8447
…(16)
Similarly
……..(17)
…..(18)
Substituting Eqs. (14)–(17) into Eq. (7) will result
in (18)
……(19)
From Eq. (6) and assume v(t) = 0
….(20)
Substituting (19) into (20) will result in (21)
…..(21)
Eq. (21) may be written as follows:
….(22)
….(23)
Substituting Eqs. (11) and (22) into (23)
….(24)
……(25)
where n (damping  ratio) = 1 and xn (natural
frequency)
A 1000 (selected by designer).
Fig. 11 shows the Simulink block diagram of the
wholedrive system including MRAC.
The performance of MRAC is investigated at speed
regula-tion with sudden change in load. Fig. 12
shows the ability of MRAC to withstand the
sudden increase in the load torque by 50% of rated
torque at 0.25 s. This test is carried out at dif-ferent
values of adaptation rate. It can be noted that the
higher adaptation rate will give better performance
(less rise time), high overshooting and high steady
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state error. Fig. 13 shows the corresponding MRAC
output.
4.2. MRAC with PID compensator
MRAC is designed to eliminate the difference
between the out-put of model reference and the
actual speed. It does not take into account the error
between reference speed and actual speed. This
disadvantage can be alleviated by adopting PID
compensator. The parameters of the PID
compensator are selected by trial and error. Table 5
shows the effect of changing each of the PID
compensator parameter on the system performance.
Fig. 14 shows the Simulink diagram of MRAC
with PID compensator.
5. SIMULATION RESULTS
Several tests have been carried out to compare the
perfor-mance of self-tuning fuzzy PID controller
and MRAC with PID compensator.
5.1. Speed regulation at sudden change in load
Fig. 15 shows a comparison between self-tuning
fuzzy PID controller and MRAC with PID
compensator. The compar-ison shows that the
MRAC with PID compensator has better
performance. The rise time is less also in case of
sudden load
disturbance and the speed can recover its desired
value much faster, while Fig. 16 shows the
controller output of both controllers.
5.2. Speed regulation at parameter variation
The proposed controller is investigated by
changing the motor parameters. Three tests are
carried out for this purpose. These tests are
summarized as follows.
5.2.1. Sudden change in inertia
In this test the inertia of BLDC motor will be
increased 10% at 0.25 s. Fig. 17 shows the ability
of MRAC with PID controller compensator to
accommodate the speed disturbance in a short time
compared to self-tuning fuzzy PID controller, while
Fig. 18 shows the corresponding controller output
of both controllers
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5.2.2. Sudden change in phase resistance
In this test the phase resistance of BLDC motor
will be decreased 10% at 0.25 s. Figs. 19 and 20
show the results of this test. Fig. 19 shows a
comparison of the performance of self-tuning fuzzy
PID controller and MRAC with PID com-pensator.
It can be noted that both controllers are robust
where in case of the sudden change in phase
resistance both controllers can track the reference
speed at a short time. Fig. 20 shows both
controllers output at sudden change in phase
resistance.
5.2.3. Effect changes of both phase resistance and
the rotor inertia
In this test both the phase resistance and the inertia
of BLDC motor will be increased simultaneously
by 50% from its orig-inal values. It can be noted in
Fig. 21 that the MRAC with PID control
compensator has a small change from its original
response. In contrast in Fig. 22 the self-tuning
fuzzy PID con-troller has a big change especially in
the overshoot.
5.3. Speed regulation at sinusoidal load
The robustness of the proposed controller is tested
by loading the BLDC motor with load torque
which is continuously changing in sinusoidal form
as shown in Fig. 23.
Fig. 24 shows that the motor speed is oscillated
around the reference speed in both controllers in
case of the self-tuning fuzzy PID controller and the
maximum speed deviation is 0.41%, while the
MRAC with PID compensator has maximum speed
deviation 0.043%.
Fig. 25 shows the average supply current when the
BLDC motor is driving a sinusoidal load torque. It
is clearly noted that the average supply current is
varying sinusoidally with the same frequency of the
load
5.4. Speed tracking
Fig. 26 shows that the MRAC with PID
compensator has fas-ter response than self-tuning
fuzzy PID controller at different commands of
reference speed. Fig. 27 shows the average sup-ply
current of BLDC motor at different commands of
speed. It can be noted that the average current is
increased at each new command of reference
speed.
6. CONCLUSION
In this paper two different control techniques are
implemented in order to achieve good speed
regulation/tracking regardless of the presence of
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external disturbances and parameter varia-tions.
The first technique is the fuzzy PID in which the
con-troller parameters are not constant and
continuously updated adaptively according to the
error and the change of error in order to achieve the
required speed tracking. The sec-ond technique
uses model reference adaptive control with PID
compensator. The performance of MRAC without
PID com-pensator suffers from high overshooting
and high S.S error. By combining PID compensator
with MRAC the performance will be improved.
Several tests are carried out to investigate the
performance of both controllers. These tests
include sudden disturbance and parameter
variations. Simulation results show that both
controllers are robust and suitable for high perfor-
mance drive applications. It is also clear that the
performance of MRAC is much better than self-
tuning fuzzy PID controller especially for the
systems subjected to sudden disturbances.
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